Haematophagous dipterans of the Nematocera and Brachycera suborders have been objects of study for a better understanding of the behavioral mechanisms used by insects to find their blood meal. This is usually elicited by chemical stimuli (semiochemicals) called kairomones that are often released by the vertebrate hosts (Gibson & Torr 1999) .
Haematophagous dipterans of the Nematocera and Brachycera suborders have been objects of study for a better understanding of the behavioral mechanisms used by insects to find their blood meal. This is usually elicited by chemical stimuli (semiochemicals) called kairomones that are often released by the vertebrate hosts (Gibson & Torr 1999) .
Among the more than 500 species of the subfamily Phlebotominae that are known in the Americas, over 400 belong to the genus Lutzomyia (Young & Duncan 1994 , Galati 2003 . Lutzomyia longipalpis (Lutz and Neiva) and L. intermedia (Lutz and Neiva) play an important role in the transmission of leishmaniases (Forattini 1973 , Lainson 1989 , Lemos & Lima 2005 . Host-preference studies of Lutzomyia spp. frequently use animals, such as chicken, dogs, horses (Quinnell et al. 1992 , Ximenes et al. 1999 , Bongiorno et al. 2003 , and occasionally humans as bait (Quinnell et al. 1992 , Aguiar et al. 1996 , Rebollar-Telez et al. 1999 , Pinto et al. 2001 . Laboratory assays (e.g., precipitin test) have been used for the identification of hosts that provide the blood meal for the phlebotomine sand flies (Christensen et al. 1982 , Afonso et al. 2005 ). CDC light traps (Sudia & Chamberlain 1962) and Shannon traps (Shannon 1939 ) have been used as tools for monitoring phlebotomine sand flies, thus eliminating the ethical problems associates with using human bait. However, some studies have shown that certain phlebotomine sand fly species are highly anthropophilic but rarely phototropic (Alexander et al. 1995 , Travi et al. 1998 , while other species seem to be more phototropic than antropophilic, such as Lutzomyia verrucarum Townsend (Davies et al. 1995) . It is possible that these species are responsive to non-specific kairomones such as CO 2 (Quinnell et al. 1992 , Campbell-Lendrum et al. 1999a , and can be attracted by different species of hosts. CO 2 is the main volatile kairomone released by vertebrates and it is used by most haematophagous insects to find their hosts (Eiras 2001) . Knudsen et al. (1979) demonstrated for the first time the attractiveness of CO 2 (released from dry ice) to phlebotomine sand flies. Light traps (LT) baited with CO 2 enhanced the capture of phlebotomine sand flies in the field (Chaniots 1983), despite the fact that attraction to CO 2 was not observed in the laboratory (Nigam & Ward 1991) .
The chemical 1-octen-3-ol (octenol) is an important kairomone used by zoophilic dipteran species of the families Muscidae, Tabanidae, Ceratopogonidae and Culicidae to seek their hosts (Kline at al. 1990 , Gibson & Torr 1999 , Bernier et al. 2000 , Eiras 2001 ). To date, there is no evidence supporting the trapping of phlebotomine sand flies with this kairomone. Lactic acid was the first kairomone identified from human skin (Acree et al. 1968) , and its effect in attracting mosquitoes has been evaluated, especially in combination with CO 2 (Kline et al. 1990 , Eiras & Jepson 1991 , ammonia and some fatty acids (Geier et al. 1999) . Ammonia was identified from vertebrate odors in the 1970s (Larson et al. 1979 ) and has been shown to be an effective attractant for mosquitoes (Geier et al. 1999 ) and tabanids (Hribar et al. 1992) . The combination of ammonia and lactic acid provides a synergistic effect that enhances the behavioral response of female mosquitoes (Geier et al. 1999) . Similarly, the combination of lactic acid, ammonia, and caproic acid was shown to be very attractive for Aedes aegypti Linnaeus in both laboratory (Bosch et al. 2000) and field studies (Kröeckel et al. 2006) . However, there has been no study evaluating the usefulness of these kairomones as attractants for phlebotomine sand flies.
The present study aims to evaluate the attractiveness of kairomones (octenol, lactic acid, ammonia, and caproic acid) baited in LT for catching phlebotomine sand flies, specially L. longipalpis and L. intermedia.
MATERIALS AND METHODS
Study area -The experiments were carried out in Varzelândia, state of Minas Gerais (MG), Brazil. Varzelândia city has a population of 17,372 inhabitants and 303 notified cases of American tegumentary leishmaniasis (ATL) were reported in 2000. Out of these, 25 were from the district of Brejo do Mutambal (15°33'13"S 44°00'18"W), where ATL is known to be endemic (Nunes et al. 2006 , Andrade et al. 2007 ). All dwellings in Brejo do Mutambal have backyards with domestic animals, such as chickens, dogs, and horses. The district is surrounded by calcareous rocks, which extend into the backyards.
Kairomones -Octenol (98% purity, density of 0.83 mg/ ml, Aldrich Chemical Company) was dispensed according to Van Essen et al. (1994) at release rates of 4.6 ± 0.30; 13.0 ± 1.80 and 22.7 ± 3.30 mg/h. The release rate of 0.5 mg/h was achieved using a polymer dispenser (AgriSense-BCS, Cardiff, UK). Lactic acid, caproic acid, and ammonia were released as a unique formulation called BG-Mesh Lure ™ (Biogents GmHb, Germany) or individually through silicon tubing, a PVC tube, and a calcium carbonate block, respectively (Fig. 1) . CO 2 was not used as bait because of the limitations of the experimental area for handling and transportation, and the high cost of the delivery system. The use of CO 2 was also avoided due to its lack of specificity, as CO 2 is known to attract most phlebotomine sand fly species (Chaniots 1983 , Cameron et al. 1991 , Pinto et al. 2001 , Beavers et al. 2004 ).
Experiments -The experiments were carried out during April and May 2005, when phlebotomine sand flies are considerably more abundant in the study area ). Modified CDC LT (Pugedo et al. 2005) were installed 1.5 m above the ground level and kept in the field during five consecutive nights in a 5x5 Latin square design. The traps were installed at 18:00 h and removed at 08:00 h of the next day. Captured phlebotomine sand flies were maintained in glass vials containing 70% alcohol and later taken to the laboratory for slide preparation using Canada balsam for males and Berlese liquid for females. The identification of species was based on Young and Duncan (1994) .
Comparison of octenol release rates and site of capture (experiment 1) -A total of 25 traps per night was installed over five nights while alternating between the house areas and the woodlands. The octenol release rates of 0.5, 4.6 ± 0.30, 13.0 ± 1.80 and 22.7 ± 3.30 will be referred to here as 0.5, 5, 15, and 25 mg/h, respectively. Octenol dispensers were individually baited on the outside of the PVC body of the modified CDC, between the fan and the screen. No octenol was used in the control trap. The traps were placed in woodland areas and the peridomiciliary environment.
Evaluation of phlebotomine sand flies' response to BGML kairomone formulation baited in LT with or without octenol (experiment 2) -The BGML formulation was evaluated using two dispensers: (i) an open BGML dispenser, which was a transparent plastic bowl of 7 cm (height) x 11.5 cm (diameter); and (ii) a semiopen BGML dispenser that consisted of the same plastic bowl with an opening of 2 cm of diameter. They were separately evaluated and associated with octenol release rates that captured the highest number of phlebotomine sand flies in experiment 1. Octenol and dispensers were placed on the outside of the modified CDC LT as described in experiment 1. For this experiment the LT were placed only in the peridomiciliary environment.
Evaluation of phlebotomine sand fly responses to complete BGML and to individual kairomones (experiment 3)
-Each component of the BGML was evaluated individually in LT using the open or semi-open BGML dispensers, based on the previous experiment. The dispensers were placed as described previously. The treatment baits were: control (no attractant), lactic acid, caproic acid, ammonia, and BGML. Traps were also installed in the peridomiciliary environment.
Statistic analyses -The number of phlebotomine sand flies captured in each sample was transformed to the modified geometric mean (Williams 1937) . Differences among phlebotomine sand fly captures were analyzed according Comparison of octenol release rates and the site of capture -A total of 3,889 phlebotomine sand flies were captured. The traps set in the woodland area (2,377) captured a greater number compared to the traps set in the peridomiciliary environment (1,512) (Mann-Whitney, p < 0.001). In the peridomiciliary area, LT baited with 5 mg/h and 15 mg/h of octenol caught slightly higher numbers of phlebotomine sand flies than at other release rates. In the woodland area, traps baited with 25 mg/h of octenol caught a similar number of phlebotomine sand flies as compared with 5 mg/h. The octenol release rates did not catch phlebotomine sand flies at significantly higher rates than the control traps (Kruskal Wallis, p = 0.576) (Fig. 2) . The most abundant phlebotomine sand fly species captured was L. intermedia, with 1,249 individuals, of which 359 were caught in the peridomiciliary area and 890 in woodland (Mann-Whitney, p < 0.001). The LT baited with 5 mg/h octenol captured 828 (66%) females and 432 (24%) males of sand flies. The highest number of L. intermedia caught was observed at 15 mg/h octenol, but no significant difference was detected among the release rates for males (Kruskal-Wallis, p = 0.755) or females (Kruskal-Wallis, p = 0.383) (Fig. 3) . All octenol-baited traps captured lower numbers of L. longipalpis than the control traps, and a decrease of response was observed at higher release rates (Kruskal-Wallis, p = 0.883) (Fig. 3) . The greater percentage of L. longipalpis (71.3%) catches were observed in the peridomiciliary area (Mann-Whitney, p = 0.235).
Evaluation of phlebotomine sand fly species' response to BGML kairomone baited in LT with or without octenol
-Experiment 1 showed that LT baited with different release rates of octenol did not enhance the capture of phlebotomine sand flies of the genus Lutzomyia (Fig. 2) . However, the 5 mg/h rate was chosen to be used in this experiment because it elicited a higher response than other release rates. A total of 871 phlebotomine sand flies were captured during this experiment; 452 females (55%) and 419 males (45%). The number of L. intermedia males caught (72%) was greater than females (28%) in all traps (Mann-Whitney, p = 0.1397). The BGML used in the traps with a semi-open dispenser did not increase the capture of the phlebotomine sand fly species, especially for L. intermedia males (Kruskal-Wallis, p = 0.756) and females (Kruskal-Wallis, p = 0.565) (Fig. 4) . Generally, the mean number of L. longipalpis males caught in all traps was significantly higher than females (Mann-Whitney, p < 0.001) (Fig. 4) . However, no significant difference was observed in relation to the capture of males (Kruskal-Wallis, p = 0.920) and females (KruskalWallis, p = 0.970) during the five days of collection.
Evaluation of phlebotomine sand fly species' response to BGML kairomones and the individual constituents of the formulation baited in LT -Based on the results from experiment 2, the open dispenser was chosen for the evaluation of the BGML and the individual compounds (i.e., lactic acid, caproic acid, and ammonia) separately, and always in the absence of octenol. The 25 LT placed in the peridomiciliary area captured 476 phlebotomine sand flies during the five-night period. The total numbers of captured phlebotomine sand flies were 184, 179, 166, and 152 in the traps baited with caproic acid, lactic acid, ammonia, and BGML, respectively. All the traps baited with attractants caught more individuals in comparison to the control trap (145) (KruskalWallis, p = 0.297). During this experiment, the population of L. intermedia was very low and did not present (Fig. 5 ). Females were captured only with traps baited with one of the compounds. The mean number of L. longipalpis males captured in all traps was significantly higher than females (Mann-Whitney, p < 0.001). The LT baited with the BGML formulation captured a higher number of L. longipalpis when compared to individual kairomones and the control. However, there was no increasing lure regarding the mean number of males caught (Kruskal-Wallis, p = 0.512) neither females (Kruskal-Wallis, p = 0.737).
DISCUSSION
The present study reports for the first time the response of L. intermedia and L. longipalpis to synthetic human odor and octenol. It is well-known that phlebotomine sand flies respond to LT, but the capture rate can increase when baited with host kairomones. Octenol is reported to be an important kairomone for finding hosts (Gibson & Torr 1999) and it is also known as a constituent of human odor (Bernier et al. 2000) . Using CDC LT, Cameron et al. (1991) did not find (0.5 mg/h) octenol to be attractive for Phlebotomus argentipes Annandale and Brunetti. In Egypt, CDC LT baited with octenol (about 15 and 100 mg/h) showed that Phlebotomus papatasi (Scopoli) females are more attracted to traps baited with CO 2 when compared to octenol alone at both rates (Beavers et al. 2004 ). In the laboratory, electrophysiological studies showed for the first time that females of L. longipalpis can detect octenol in air currents (Sant'Ana et al. 2002) .
In experiment 1 of the present study, the number of L. intermedia females captured increased according to increasing release rates of octenol, whereas octenol did not enhance the capture of L. longipalpis. It is interesting that a higher number of males compared to females were observed, as occurred in previous studies (Aguiar et al 1996 , Ximenes et al. 1999 , Souza et al. 2002 , Souza et al. 2004 , Resende et al. 2006 . The response to octenol seems to be species-specific, and it may act as an attractor to some species and as a repellent to others (Kemme et al. 1993) . Nevertheless, it is not possible to assure the feasible repellent effects of octenol on these species in the present study. On the other hand, the presence of host kairomones in the traps does not inhibit the capture of both species, and it is likely to be attractive for L. intermedia.
Aggregation studies of L. longipalpis revealed that co-specific males arrive earlier to host bait and this attractiveness is likely to be elicited by host odors (Kelly & Dye 1997) . Spiegel et al. (2005) showed that L. longipalpis males from Jacobina (state of Bahia, Brazil) were attracted by the male sex pheromone (1S, 3S, 7R)-3-methyl-α-himachalen alone within a wind tunnel, and it elicited electrophysiological responses on female and male antennae. It is possible that the male sex pheromones play an important role in male aggregation. It is unknown whether the male sex pheromone produced by L. longipalpis complex population in MG (Hamilton et al. , 2004 ) acts in male aggregation as was previously demonstrated by Spiegel et al. (2005) . It is possible that male attraction to LT (with or without baits) is higher than the female attraction. Hamilton and Ramsoondar (1994) demonstrated that L. longipalpis females respond more intensely to human odor emanation than males. In experiment 2 of the present study, a higher percentage of capture was observed for males in all traps baited with BGML; however, when baited without octenol, a decrease in the capture of L. longipalpis was observed. This suggests that octenol is not part of the human odor blend that acts as kairomones for this species.
Campbell- Lendrum et al. (1999b) suggested that L. intermedia is more endophagic than Lutzomyia whitmani (Antunes and Coutinho). This is probably due to a higher attraction to light stimuli for L. intermedia to enter human dwellings for blood meal. Maroli et al. (1997) reported that LT baited with attractants for phlebotomine sand flies are important for taxonomic studies as well as the capture of live specimens, study of density and distribution of species, and the evaluation of control traps. In the present study, BGML was not found to increase the capture of L. intermedia when compared to control traps. The formulation presented may not work as an attractant for this species or the release rate of the formulation was too high for attraction.
Among the kairomones used, the formulation of BGML for L. longipalpis presented a higher capture rate not only compared to the control traps but also to kairomones used separately. Laboratory studies showed that A B human sweating is an attractant for L. longipalpis in the absence of CO 2 (Hamilton & Ramssondar 1994 , Rebollar-Tellez et al. 1999 ). This response was also observed in the present experiments for L. longipalpis in the traps baited with kairomones, especially with BGML.
Although light is an important stimulus to phlebotomine sand flies, some species are highly anthropophilic and present low phototropism (Alexander et al. 1995 , Travi et al. 1998 . Other species, like L. verrucarum, seem to be more phototropic than anthropophilic (Davies et al. 1995) . It is likely that the attraction of some phlebotomine sand fly species to light sources in dark places is probably higher than host odor plumes and both may have synergic or additive effects on attraction to baited traps. Moreover, in the present study, adding attractants to the LT increased the capture rate of L. longipalpis and L. intermedia. In experiment 3, we observed that only baited LT caught females of L. intermedia. This observation is important in an epidemiological view. This species has been suspected to be involved in the transmission of Leishmania braziliensis (Vianna) (Rangel & Lainson 2003) , and the baits can be used in LT to increase the capture of this species when the population density is low.
Although CO 2 is the most important kairomone released by vertebrates and used by most haematophagous insects for host location (Eiras 2001) , its use in the field is difficult and limited. Therefore, BGML can overwhelm as a possible attractant for phlebotomine sand flies. Future studies to evaluate the effectiveness of different concentrations and combinations of caproic acid and ammonia in attracting phlebotomine sand flies should be carried out. In conclusion, the present study reports for the first time the response of New World phlebotomine sand fly species to LT baited with octenol, caproic acid and ammonia under field conditions.
